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Contemporary research and discovery have caused such 
a great impact on science education that educators have 
changed the school curriculum more in the past decade than 
any other period of our national history. Discoveries in 
the physical sciences have been extraordinary, and great 
strides have also been made in the biological and related 
medical sciences.'1' There have been discoveries made in 
chemotheraphy such as sulfones, sulfas, and antibiotics; 
plant growth substances; the nature of viruses and new 
vaccines; the expanded use of radioisotopes and the rela¬ 
tionship of radioactivity to plants and animals; and the 
2 
development of new techniques for research. Because of 
increasing discoveries, new courses had to be developed in 
order to meet the modern needs of unprecedented numbers of 
■'’Dorothy P. Stone, Modem High School Biology (New 
York: Teachers College Bureau of Publications, 1959), 
P. 137. 
^Frederick P. Fitzpatrick, Policies for Science 
Education (New York: Teachers College Bureau of Publica¬ 




Since the rise of modern theory, general biology has 
become a well-established course in the curriculum for 
general education. For this reason the biology course has 
to be kept abreast of all new knowledge which means con¬ 
tinuous modification as discoveries are made. 
The problem today, and for a great many years since 
the incorporation of natural science into the curriculum 
of early American schools, has been the approah of teaching 
biology to meet students* science needs. Approaches of 
different types have been centered around student needs and 
life situations. These approaches have resulted in a re- 
evaluation of problem solving, laboratory experiences, and 
field experiences. In developing the modern approaches for 
high school biology, educators had three desirable aims. 
One of them was to articulate the biology course 
with the recommended sequence in general biology so 
that undesirable repetition of learning experiences 
at the same level of difficulty might be avoided. 
Another wa3 to insure the inclusion of important 
modern findings and concepts that are products of 
recent research. A third purpose was to call 
attention to the importance of tinderstanding con¬ 
cepts and theories, and of being able to employ 
this understanding in dealing with problems and 
conclusions. ^ 
Regardless of the type of approach, the subject 
matter has to be meaningful to the students now and useful 
in the future. It also has to be flexible enough in scope 
1 Fitzpatrick, op. cit., p. 138. 
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and content to serve as a terminal course, and at the same 
time be a stimulus toward further study. 
The traditional methods of approach have been the 
lecture method and the textbook question-answer- recitation 
method.'*' One can readily see that traditional methods were 
teacher centered. The modern method has shifted the focal 
point from the teacher to the student. The learner-centered 
approach has stressed special understanding and skills. 
Of all the modern approaches which come under the 
heading of learner-centered, the laboratory has become an 
integral part in instruction. The good research laboratory 
in the biological sciences has a healthy combination of the 
theoretical and the empirical where both are being handled 
with much more rigor. In addition, the teaching laboratory 
has now begun to catch up with the research laboratory. As 
a result students are getting the feel of some of the dy¬ 
namics of the operations of the scientist in the class- 
p 
room. 
Investigators are aware of the great interest and 
respect that young people have for science due to mass media. 
Because of this interest and respect, science education 
holds a potential for motivating these people to their 
"^Stone, op. cit., p. 7. 
2 
James T. Rozolis, "A Comparison of Traditional High 
Biology Courses and the Biological Science Curriculum Study 
Program of Courses,” Bio-Science, XVII (May, 1967), 31f?. 
k 
fullest capacity. This motivation potential lies in the 
planning of a good laboratory method that will enhance 
critical thinking and problem solving. These in turns will 
result in the mastery of certain skills and the attainment 
of subject matter.1 
Too frequently, discussions of the merits of various 
methods of laboratory teaching seem to generate a consider¬ 
ate amount of heat without producing much light to guide 
the teacher in the classroom. Further it appears that the 
use of the usual substitutes for laboratory work in general 
courses, particularly in the form of audiovisual aids and 
models, while they are very effective as teaching tools, 
does not furnish an answer to the laboratory question. 
Surprisingly, little research has been done to test 
the hypotheses underlying different laboratory methods. 
Many claims are made in the opinion literature. Hence, the 
researcher felt that it is time that more research be done 
so as to light the torch of guidance in laboratory methods. 
Evolution of the Problem 
The idea for this problem evolved from unanswered 
questions in the researcher’s mind arising from the 
monotony of spelled-out traditional laboratory methods in 
John C. Coulter, "The Effectiveness of Undictive 
Laboratory, Inductive Demonstration, and Deductive Labora¬ 
tory in Biology," Journal of Research in Science Education, 
IV (1966), 185. 
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"up-to-date" manuals. These laboratory manuals which were 
made available to the teachers were not investigative in 
nature for critical thinking. The laboratory was of a 
text-centered nature whereby students merely transferred 
information from a textbook into a laboratory workbook. 
The laboratory was completely structured. By structured, 
the researcher refers to a situation whereby the problem 
is given, the procedure is given, the equipment list is 
given, the pattern or organization is given, and in some 
instances the results in the form of answers are given. 
There was little, if any, room for students anticipating 
alternative solutions to problems or hypotheses and 
devising ways and means of obtaining the necessary evidence. 
The students did not and could not experience the same joy 
of discovery which the scientist experienced in his 
research effort. 
These factors left the researcher wondering about the 
future success and achievement of the students in the ever- 
changing world of enormous scientific discoveries. The 
problem also grew out of a conversation with a faculty 
member at Atlanta University. As a result, the writer 
became more interested in it and decided to conduct an 
investigation of more modem laboratory methods for possible 
solutions. 
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Contributions to Educational Knowledge 
The scientific technological dimension of our modern 
society has made a great impression on the young people of 
today. This progress is found in comic books, television, 
radio, movies, and other forms of mass media. The young 
person greatly respect science as a result of the scientific 
awakening. It is because of this respect that the teacher 
keeps the students’ interest high. This can be accomplished 
by the manner that the teacher presents he* subject matter. 
The writer hopes that the findings of this study will 
indicate the following contributions to educational know¬ 
ledge : 
1. That varying laboratory methods will appeal more 
to students in keeping him interested in biology. 
2. That traditional laboratory methods need up¬ 
dating. 
3. That this research will reveal the need for 
further research to develop a curriculum which 
will provide a greater challenge and more 
motivation for encouraging higher levels of 
aspiration, thus resulting in higher levels of 
achievement. 
Statement of the Problem 
The problem of this investigation was to determine 
the relative effectiveness of two methods of laboratory 
instructions on biology achievement. The two methods of 
laboratory instructions were the deductive laboratory 
method and the inductive demonstration method. The two 
laboratory methods were investigated to see how each of 
7 
these relate to achievement according to intelligence. 
Effectiveness was measured in terms of achievement in 
application of principles of biology and laboratory 
techniques. 
Statement of the Purposes 
The main purpose of this study was to determine the 
relative effectiveness of two methods of laboratory 
instructions on biology achievement. 
More specifically, this study tested, by experimen¬ 
tation, the following null hypothesis: 
1. There is no difference in the relative effective¬ 
ness of the methods, deductive laboratory method 
and inductive demonstration method, as determined 
by the criterion of achievement on the 
standardized test items. 
Limitations of the Study 
This study was limited in the following ways: 
1. It only involved high school students in one 
metropolitan Negro high school. 
2. Achievement was measured in the area of biology 
only. 
3. Only two methods of laboratory instructions were 
used. 
lj.. Only a small segment of the school's population 
was involved. 
Operational Definitions 
Significant terns used in this study are defined 
thusly: 
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1. Laboratory method - The instructional procedures 
by which the cause, effect, nature, or property 
of any phenomenon is determined by actual 
experience or experiment under controlled 
conditions. 
2. Deductive laboratory method - The instructional 
procedure in which the students engage in 
laboratory activity in the form of a proof after 
discussion of the principle involved, using 
teacher prepared discussions. 
3. Inductive demonstration method - The instructional 
procedure in which the teacher demonstrates the 
experiment and the students generalized from data 
gathered.-5 
4. Achievement - Proficiency of performance in a 
given skill or body of knowledge.^ 
£. High school students - Students predominantly in 
grade ten; however, students from grades nine and 
eleven were included. 
Locale of the Study 
This study was conducted at a large metropolitan 
Atlanta Negro high school. The pupil population was 2,200. 
Period of the Study 
This study was conducted during the second semester 
of the 1967-68 school year. 
■^Carter V. Good et al., Dictionary of Education (New 
York: Mcgraw-Hill Book Company, Inc., 1959), p. 309. 
2Ibid., p. 158. 
3Ibid., p. 28^. 
, op. cit., p. 7 
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Description of Instruments 
The instruments used to collect the necessary data 
for the study were three biology achievement tests. The 
achievement tests were constructed by selecting test items 
from a folio of standardized test items prepared by 
Dressel and Nelson.1 A table of random numbers was used 
in selecting the test items. Three forms were developed 
consisting of fifty items each. 
In order to develop a format for constructing a 
general biology examination, several standardized exam¬ 
inations were reviewed. Also The Taxonomy of Educational 
2 3 
Objectives, Handbook I and Handbook II, was surveyed in 
order to identify and classify educational goals. 
Intelligence quotient data were taken from the permanent 
record cards of the subjects. 
1Pa\il Dressel and Clarence Nelson, "Questions and 
Problems in Science," Test Items Folio Number 1, 
Cooperative Test Division-Educational Testing Service 
(Princeton, New Jersey, 19^6). 
benjamin Bloom et al., Taxonomy of Educational 
Objectives-Handbook I: Cognitive Domain, (ifew York: 
David McKay Company, Incorporated, 19bk). 
^Benjamin Bloom et al., Taxonomy of Educational 
Objectives-Handbook II: Affective Domain (New York: 
David McKay Company, Incorporated, 1967). 
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Description of Subjects 
This study involved one-hundred students predominantly 
from the tenth grade. Some students from the ninth and 
eleventh grades were also involved. The subjects used in 
the study were enrolled in the writer‘s tenth-grade general 
biology classes. The sample was drawn by administrative 
procedures. 
Method of Research 
The experimental method of research was used in this 
study. Achievement was the dependent variable. Intell¬ 
igence was the controlled variable, and the methods of 
laboratory instructions were the uncontrolled variables. 
The rotation groups method was used to eliminate any 
differences that might have arisen. The deductive 
laboratory method was the experimental method, and the 
inductive demonstration method was the controlled method. 
The design of this investigation was as follow: 
Group A Matched Groups Group B 
Initial Test, Form A 
Fig. 1.—Diagram Method of Rotating Groups 
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Statistical techniques were employed for the treatment of 
data. 
Procedural Steps in the Study 
The procedural steps used in conducting this study 
were as follows: 
1. Permission to conduct the study was requested 
from the Atlanta Board of Education. 
2. Literature was surveyed, summarized, and presented 
in this chapter. 
3. The students who served as subjects in this study 
were oriented as to the nature, scope, and 
purpose of this research. The groups were 
equated in intelligence quotients obtained from 
the permanent record folders. 
ij., The rotation groups method was used as the 
experimental design. One group of subjects was 
used as the experimental group for six weeks 
while the other group of subjects was the 
control group for the same period. The seventh 
week was used as the neutral period, and neither 
of the two laboratory methods was used. At the 
beginning of the eighth week the groups were 
reversed. That is, the group that was the 
experimental group became the control group, and 
the group that was the control group became the 
experimental group after rotation. The second 
period also lasted six weeks. During the 
experimental period three achievement tests were 
administered. 
5. The data gathered from this study were analyzed 
and interpreted using the following statistical 
techniques: (a) Mean, (b) Standard deviation, 
(c) Standard error of the mean, and (d) Standard 
error of the difference between the means. The 
data were then assembled in appropriate tables 
and figures. 
6. Findings, conclusions, implications, and 
recommendations derived from this study are 
presented in Chapter III. 
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Survey of Related Literature 
All too frequently the use of laboratory activities 
in teaching biology is often misunderstood by teachers. 
One valid and workable basic principle of teaching is 
"learning by doing." However, one sometimes places more 
or too much emphasis on the first five letters of the word 
laboratory-labor-, and too little emphasis on the final 
seven-oratory.^ 
However, if the activity has no intellectual 
worth, we are pretty much wasting our time. It is 
intellectual activity, coupled with meaningful 
manual activity, which makes our pupils wiser and 
more effective in thinking, appreciating, feeling, 
understanding, judging, evaluating, accepting 
responsibilities, willing to withhold judgement 
■until all available facts have been considered, 
and showing more and more the earmarks of a truly 
educated individual. There must be developed a 
genuine spirit of research and investigation, 
pupil planning and discovery, instead of imitation 
and blind following, or so-called learning never 
becomes functional in living. 
Many investigators have concluded that scientific 
inquiry is the backbone of today»s laboratory. Novak 
stated that the good research laboratory should have a 
combination of the empirical and the theoretical. It is 
not bogged down with the encyclopedia envelopment of 
anatomy and taxonomy. These topics have taken a functional 
^B. Bemarr Vance, "Experimental and Laboratory Tech¬ 
niques," The American Biology Teacher, XIV (March, 1952), 
2Ibid. 
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position in the development of fundamental concepts. As a 
result, many aspects of scientific inquiry have been intro¬ 
duced, developed, and practiced.'*' The study of physio¬ 
logical events in organisms is exciting to students and is 
becoming more and more amenable to classroom study as 
improved laboratory methods and techniques employing scien¬ 
tific inquiry become increasingly available. 
Rutledge concluded that the objective of the labora¬ 
tory was developing critical procedures of thinking and 
inquiry. He stated that it should serve as a means of 
p 
investigation. 
Watkins suggested that laboratory instructions should 
provide laboratory techniques; providing and establishing 
principles for the pupil; object teaching, after the concept 
of Pestalozzi; developing better understanding and interpre¬ 
tation of scientific principles; training in scientific 
method; experimental solution of the pupil's own problem; 
and the study of science problems arising in class or in 
life. He further stated that the experimental solution of 
the student's own science problems would seem to be the most 
promising of the possibilities for high school laboratory. 
1Alfred Novak, "Scientific Inquiry in the Laboratory," 
The American Biology Teacher, XXV (May, 1963), 34-2. 
2 
James A. Rutledge, "Inquiry in the High School 
Laboratory," Science Education, L (December, 1966), 411-13. 
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Students might become increasingly adapt at critical 
thinking; become increasingly proficient in their powers 
of observation; develop the keenness of their initiative, 
the versatility of their resourcefulness, and the effec¬ 
tiveness of their cooperation; gain deeper insight into 
the work of the scientist and the role of the laboratory 
in mankind*s progress; acquire an improved •understanding 
of basic concepts principles and facts of science; increase 
their proficiency in generally useful skills; develop an 
interest in and curiosity about principles and processes 
related to science.1 
In Sutman’s report on the laboratory versus the 
demonstration approach to science teaching, he concluded 
that in one situation a laboratory-centered course in 
science met certain objectives better than did a course 
utilizing demonstrations. While in another situation the 
demonstrations met these same objectives just as effec¬ 
tively, if not better, than the laboratory. He shared the 
opinion with Paul Brandwein that presentation of content 
has become too analytical and too abstract. He felt that 
the content must be toned down so that a greater portion of 
the high school population can be more literate and perhaps 
1Rutledge, op, cit., p. ljJLl. 
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more interested in science.1 
Critical thinking, inquiry, reflective thinking or 
the like have been the basis for problem solving whether 
by induction or by deduction. In a study conducted by 
Kastrinos, it was concluded that the principles-critical 
thinking method was superior to the textbook-recitation 
method in that gain in problem solving was proportionate to 
p 
intelligence. In another similar study Coulter pointed 
out that there was some indication that the inductive 
approach was more conducive to teaching aspects of scien¬ 
tific inquiry such as cause and effect relationship, making 
judgments after examining evidence, and evaluation of 
arguments. He found no method of instruction to be more 
effective with any particular ability range group as 
opposed to another with respect to any outcome of instruc¬ 
tion. The students who performed experiments were more 
positive in their reactions toward the instruction in their 
class than were those who watched demonstrations. He also 
concluded that the inductive treatment produced 
significantly greater attainment of attitudes of 
■^Prank X. Sutman, "Mass Education and the New 
Science," Science Education, L (December, 1966), l4.8ij.-96. 
William Kastrinos, "The Relationship of Two Methods 
of Teaching to the Development of Critical Thinking by 
High School Students in Advanced Biology," Science Education, 
XL (March, 1961;), 107-95. 
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science.1 
In Lahti's study of the inductive deductive method 
and the physical science laboratory which was conducted for 
the purpose of ascertaining the effectiveness of the 
laboratory in developing the student's ability to use the 
scientific method as a tool of analysis. The students were 
instructed to construct designs in order to measure their 
ability to reorganize his knowledge and formulate a plan 
for solving his problem. They were to design an experiment 
to collect data and then to analyze and interpret the data 
collected in order to arrive at and acceptable conclusion 
which was consistent with the data. The study showed that 
once the data had been collected, the data were interpreted 
equally well by the students regardless of which method was 
used to teach them. He also found that scientific 
attitudes played an important role in the study and that 
the individualized inductive-deductive laboratory appeared 
to offer a means of developing the students ability to use 
the scientific method. He concluded that both methods 
2 
were equally as effective. 
1John C. Coulter, "The Effectiveness of Inductive 
Laboratory, Inductive Demonstration, and Deductive Labora¬ 
tory in Biology," Dissertation Abstract (February, 1966), 
kk9h' 
^Arnold M. Lahti, "The Inductive-Deductive Method 
and the Physical Science Laboratory," Journal of Experi¬ 
mental Education, XXIV (March, 1956), 349-52. 
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Principles and activities of importance for general 
biology courses in high school were also found to be 
important factors in methodology of the biology laboratory. 
McKibben revealed in her study that there should be the 
following: 
1. An evaluation of principles of biological science 
for general education in general biology courses 
in high school. 
2. An evaluation to determine the relative value of 
activities in contributing to an understanding 
of principles and whether each activity would be 
more appropriately performed as a demonstration 
or an individual laboratory activity. 
She concluded that many of the activities ideally or well 
suited to developing an understanding of principles to 
which they were related could more appropriately be 
performed as demonstrations than as individual performed 
laboratory exercises. The principles to which new tech¬ 
nological developments are related were more deserving of 
more attention than had currently been rendered to them by 
science educators.^" 
In concluding, the writer agreed with Slawson in his 
belief that the ultimate aim of providing a pleasurable 
science experience leading to a scientifically literate 
citizenry can be realized through the content organization 
and process organization of any approaches under 
^"Margaret J. McKibben, "An Analysis of Principles and 
Activities of Importance for General Biology Courses in 
High Schools," Science Education, XXXVIII (December, 19^14-)» 
33S-337. 
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consideration. Factors that he felt should be included 
were a list of generalizations, a list of unifying themes, 
and a list of conceptual themes. The key to the realiza¬ 
tion of the "life enrichment" aim of science education, he 
believed, is the interrelationship of the factors mentioned 
through an interdisciplinary approach for better under¬ 
standings. He felt that it was not the content of the 
major factors that represented the newness of thought in 
the conceptual scheme approach, but the implementation of 
these major factors of science. There was more to science 
than grasping facts or obtaining skills. Slawson found 
that it was a different way of looking at things, a differ¬ 
ent way of reasoning, of using precise language, of 
rational argument; in short, it was the kind of activity 
that was foreign to usual experiences.1 To quote one 
example of Slawson1s belief, he said: 
Let us look at the phenomenon of respiration as an 
example. The biological part is presented in biology, 
the chemical part in chemistry, and the physical 
part in physics. However, in an interdisciplinary 
approach to this phenomenon, the student would in one 
sequence not only learn the biology of respiration 
but also chemically prepare the gases in the labora¬ 
tory to learn of their chemical characteristics and 
properties, and also learn the physical properties 
of these gases in the same experience in order to 
gain a more thorough understanding of the concept of 
respiration. 
Wilbur S. Slawson, "Bases of Science Curriculum 
Development in the Future," The Science Teacher, X3QCV 
(March, 1968), 22-2k. 
2Ibld., 23. 
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In Simes views for preparing instructions for future 
teaching, he pointed out that the student must have the 
opportunity to design and organize his own experiment. 
Simes stated that the student also had not the chance to 
pursue a related problem that interested him. He felt that 
the student should be given a general topic to be investi¬ 
gated and provided with a list of the materials that were 
available for the experiment. Each student must then 
define a problem of his own choosing, within the general 
topic, and must obtain for himself any additional equipment 
needed to carry out the task. After setting up his 
experiment design, the student then collected data and 
drew conclusions.'*' 
It is almost obligatory that teachers of high school 
biology make every effort possible to make the laboratory 
a real shared experience and a planned opportunity for the 
curious and scientifically minded boy or girl to expand and 
grow in the ability to explore, plan, and carry through to 
completion laboratory exercised and experiments. The way 
to fulfill these objectives is by engaging in the newer 
laboratory methods. 
1 James H. Simes, "An Alternate Approach to Laboratory 
Work in Biology," The Science Teacher, V (March, 1968), 31• 
CHAPTER II 
PRESENTATION AND ANALYSIS OP DATA 
Introductory Statement 
This chapter presents the data that were collected to 
meet the purposes of this study. These data were gathered 
as a result of the administration of the General Biology 
Achievement Tests: (a) Initial test, Form A, (b) Inter¬ 
mediate test, Form B, and (c) Final test, Form C. These 
data included the scores of the one-hundred subjects 
involved in this study. 
This chapter is organized to present the data in the 
chronological order in which it was received. The major 
sections are: 
Results of the Performance of the High School 
Pupils on the Intelligence Quotients 
Results of the Performance of the High School 
Pupils on the General Biology Achievement Test, 
Form A 
Results of the Performance of the High School 
Pupils on the General Biology Achievement Test, 
Form B 
Results of the Performance of the High School 
Pupils on the General Biology Achievement Test, 
Form C 
Comparative Data on the General Biology 
Achievement Tests, Forms A, B, and C for 
Control Group A 
20 
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Comparative Data on the General Biology 
Achievement Tests, Forms A, B, and C for 
Experimental Group B 
Summary of Re stilt s 
These data were interpreted at the (.05) per cent 
level of confidence at the appropriate degrees of freedom 
with a critical ratio of 1.96. 
Results of the Performance of the High School 
Pupils on the Intelligence Quotients 
The data on the intelligence quotients of the fifty 
pupils in the Control Group A and the fifty pupils in the 
Experimental Group B are presented in Table 1, page 22. 
Control Group A 
For the fifty pupils in Control Group A, the intell¬ 
igence quotients ranged from a low of 65 to a high of 92, 
with a mean of 76.20, a standard deviation of 9.66, and a 
standard error of the mean of 1.38. The data in Table 1 
further revealed that 19 or 38.00 per cent of the pupils 
scored above the mean, 27 or $1]..00 per cent scored below 
the mean, and 1}. or 8.00 per cent scored within the mean 
interval. The mean intelligence quotient of 76.20 indicated 
that these pupils were far below the norm in intellectual 
ability. 
Experimental Group B 
For the fifty pupils in Experimental Group B the 
22 
TABLE 1 
FREQUENCY DISTRIBUTION OF RAW SCORES AND STATISTICAL 
MEASURES OF CENTRAL TENDENCY AND VARIABILITY ON 
THE INTELLIGENCE QUOTIENTS OF THE TWO GROUPS 
OF PUPILS 
Scores 
Control Group A Experimental Group B 
Number Per Cent Number Per Cent 
90-92 1 2.00 1 2.00 
87-89 3 6.00 3 6.00 
8I4.-86 1]- 8.00 5 10.00 
81-83 k 8.00 k 8.00 
78-80 7 lk. 00 13 26.00 
75-77 k 8.00 8 16.00 
72-714- 6 12.00 5 10.00 
69-71 3 6.00 6 12.00 
66-68 10 20.00 5 10.00 
63-65 8 16.00 0 0.00 
Total 50 100.00 50 100.00 
Mean 76.20 77.26 
Sigma 9.66 6.18 
SEw m 1.38 . 88 
intelligence quotients ranged from a low of 68 to a high of 
90, with a mean of 77.26, a standard deviation of 6.l8, and 
a standard error of the mean of .88. The data in Table 1 
further revealed that 26 or 52.00 per cent of the pupils 
scored above the mean, 16 or 32.00 per cent scored below 
the mean, and 8 or 16.00 per cent scored within the mean 
interval. The mean quotient of 77.26 indicated that these 
pupils were far below the norm in intellectual ability. 
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The ”t" Ratio of Comparative Data 
Table 2 shows that the comparative measures for the 
two groups were as follows: the means were 76.20 and 
77.26 for Control Group A and Experimental Group B, 
respectively, with a difference of 1.06 in favor of Experi¬ 
mental Group B; the standard deviations were 9.66 and 6.18 
for Control Group A and Experimental Group B, respectively, 
with a difference of 3 .ipÔ in favor of the Control Group A; 
TABLE 2 
SIGNIFICANT DIFFERENCES ON THE INTELLIGENCE 
INTELLIGENCE QUOTIENTS OF THE TWO GROUPS 
OF PUPILS 
Group Mean Sigma SE„ IfX 
M1-M2 SE "t” 
mi-®2 
Control Group A 76.20 9.66 1.38 
1.06 1.62+ .65 
Experimental 
Group B 77.26 6.18 .88 
and the standard errors of the mean were 1.38 and .88 for 
the Control Group A and Experimental Group B, respectively, 
with a difference of .50 in favor of Control Group A. The 
standard error of the difference between the two means was 
1.61\.» 
The "t" ratio for the data was .65, which was not 
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statistically significant, for it was less than 1.96 at the 
(.05) per cent level of confidence with 98 degrees of 
freedom. Therefore, the difference in intellectual ability 
was not significant for these two groups of pupils and 
thus they were equated on this variable. 
Results of the Performance of the High School 
Pupils on the General Biology Achievement 
Test, Form A 
The data on the General Biology Achievement Test, 
Form A of the fifty pupils in the Control Group A and the 
fifty pupils in the Experimental Group B are presented in 
Table 3, page 25, and Figure 2, page 26. 
Control Group A 
For the fifty pupils in Control Group A, the achieve¬ 
ment scores ranged from a low of 5 to a high of 22, with a 
mean of 13.98, a standard deviation of 4*18, and a standard 
error of the mean of .59. The data in Table 3 further 
revealed that 19 or 38.00 per cent of the pupils scored 
above the mean, 18 or 36.00 per cent scored below the mean, 
and 13 or 26.00 per cent scored within the mean interval. 
Experimental Group B 
For the fifty pupils in Experimental Group B, the 
achievement scores ranged from a low of 5 to a high of 34» 
with a mean of 15.50, a standard deviation of 4*98, and a 
error of the mean of .71. The data in Table 3 further 
revealed that 11 or 25.00 per cent of the pupils scored 
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above the mean, 27 or 54*00 per cent scored below the mean, 
and 12 or 24*00 per cent scored within the mean interval. 
TABLE 3 
FREQUENCY DISTRIBUTION OF RAW SCORES AND STATISTICAL 
MEASURES OF CENTRAL TENDENCY AND VARIABILITY ON 
THE GENERAL BIOLOGY ACHIEVEMENT TEST, FORM A 
OF THE TWO GROUPS OF PUPILS 
Control Group A Experimental Group B 
Scores Number Per Cent Number Per Cent 
34-36 0 0.00 1 2.00 
31-33 0 0.00 0 0.00 
28-30 0 0.00 0 0.00 
25-27 0 0.00 0 0.00 
22-24 1 2.00 2 4*00 
19-21 6 12.00 8 16.00 
16-18 12 24*00 12 24*00 
13-15 13 26.00 12 24.00 
10-12 9 18.00 7 l4.00 
7-9 8 16.00 6 12.00 * 
4-6 1 2.00 2 4.00 
Total 50 100.00 50 100.00 
Mean 13*98 15*50 
Sigma 4.18 4*98 
SE m *59 *71 
The "t" Ratio for Comparative Data 
Table 4» page 27, and Figure 2 shows that the 
comparative measures for the two groups were as follows: 
the means were 13*98 and 15*50 for Control Group A and 
Experimental Group B, with a difference of 1.52 in favor of 
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Pig. 2.—A frequency polygon of distribution of 
scores of the experiment group and the control group on 
the initial test. 
 Experimental Group 
 Control Group 
Experimental Group B; the standard deviations were I4.. 1Ô and 
I4..98 for Control Group A and Experimental Group B, respec¬ 
tively, with a difference of .80 in favor of Experimental 
Group B; and the standard errors of the mean were .59 and 
.71 for Control Group A and Experimental Group B, respec¬ 
tively, with a difference of .12 in favor of the Experi¬ 
mental Group B. The standard error of the difference 
between the two means was 6• I|.7 • 
The "tu ratio for these data was .23» which was not 
statistically significant for it was less than 1.96 at the 
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TABLE ij. 
SIGNIFICANT DIFFERENCES ON THE INITAL BIOLOGY 
ACHIEVEMENT TEST, FORM A BETWEEN THE TWO 
GROUPS OF PUPILS 
Group Mean Sigma SBm »1-
M2 SE "t" m1-m2 
Control Group A 13.98 4.18 •59 
1.52 6.U.7 .23 
Experimental 
Group B 1^.50 lfr.98 .71 
(•Of?) per cent level of confidence with 98 degrees of 
freedom. 
To summarize and interpret, then, the non-signifie ant 
Htn of .23 between the two groups indicates that the stu¬ 
dents of both the experimental and control groups began the 
experiment with equal amounts of biology knowledge; 
therefore, any information can be attributed to the superi¬ 
ority of the method used. 
Results of the Performance of the High School 
Pupils on the General Biology Achievement 
Test, Form B 
The data on the General Biology Achievement Test, 
Form B of the fifty pupils in the Control Group A and the 
fifty pupils in the Experimental Group B are presented in 
Table 5, Figure 3 and discussed in the paragraphs which 
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follow. 
Control Group A 
For the fifty pupils in the Control Group A, the 
achievement scores ranged from a low of 9 to a high of 37» 
with a mean of l8.08, a standard deviation of 5*97» and a 
TABLE $ 
FREQUENCY DISTRIBUTION OF RAW SCORES AND STATISTICAL 
MEASURES OF CENTRAL TENDENCY AND VARIABILITY ON 
THE CENTRAL BIOLOGY ACHIEVEMENT TEST, FORM B 
OF THE TWO GROUPS OF PUPILS 
Scores 
Control Group A Experimental Group B 
Number Per Cent Number Per Cent 
38-IJ.O 0 0.00 1 2.00 
35-37 1 2.00 0 0.00 
32-34 0 0.00 1 2.00 
29-31 3 6.00 0 0.00 
26-28 2 4.00 3 6.00 
23-25 2 4.00 0 0.00 
20-22 4 4.00 6 12.00 
17-19 li 22.00 6 12.00 
14-16 21 42.00 12 24.00 
11-13 5 10.00 12 24.00 
8-10 1 2.00 8 16.00 
5-7 0 0.00 1 2.00 
Total 5o 100.00 5© 100.00 
Mean 18.08 15.78 
Sigma 5.97 6.39 
SE in .85 .91 
standard error of the mean of .85* The data in Table £ 
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further revealed that 12 or 24.00 per cent of the pupils 
scored above the mean, 27 or 54*00 per cent scored below 
the mean, and 11 or 25.00 per cent scored within the mean 
interval. 
Experimental Group B 
For the fifty pupils in Experimental Group B, the 
achievement scores ranged from a low of 7 to a high of 38, 
with a mean of 15.78, a standard deviation of 6.39» and a 
standard error of the mean of .91. The data in Table 3 
further revealed that 17 or 34*00 per cent of the pupils 
scored above the mean, 21 or 42.00 per cent scored below 
the mean, and 12 or 24.00 per cent scored within the mean 
interval. 
The "t" Ratio for Comparative Data 
Table 6 and Figure 3 show that the comparative 
measures for the two groups were as follows; the means 
were l8.08 and 15.78 for Control Group A and Experimental 
Group B, respectively, with a difference of 2.30 in favor 
of the Control Group A; the standard deviations were 5*97 
and 6.39 for Control Group A and Experimental Group B, 
respectively, with a difference of .42 in favor of the 
Experimental Group B; and the standard errors of the mean 
were .85 and .91 for Control Group A and Experimental 
Group B, respectively, with a difference of .06 in favor 
of the Experimental Group B. The standard error of the 
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Pig. 3.—A frequency polygon of distribution of 
scores of the experimental group and the control group on 
the intermediate test. 
Experimental Group 
 Control Group 
difference between the two means was 8.7 
The ”t” ratio for these data was .26, which was not 
statistically significant, for it was less than 1.96 at 
the (.05) P©r cent level of confidence with 98 degrees of 
freedom. Therefore, the insignificant "t" ratio of .26 
between the two groups indicated that the experimental 
group showed no significant superiority in terms of actual 
achievement in biology information over the control group. 
The two laboratory methods of instructions showed no 
greater effectiveness in terms of actual student achievement. 
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TABLE 6 
SIGNIFICANT DIFFERENCES ON THE INTERMEDIATE 
GENERAL BIOLOGY ACHIEVEMENT TEST, FORM B 
BETWEEN THE TWO GROUPS OF PUPILS 
Group Mean Sigma MI-M2 SE "t" m1-m2 
Control Group A 18.08 5.97 .85 
2.30 8.74 .26 
Experimental 
Group B 15.78 6.39 .91 
Results of the Performance of the High School 
Pupils on the General Biology Achievement 
Test, Form C 
After a neutral period of one week in order to avoid 
contamination of the methods of instruction, the two groups 
were rotated* This experimental period necessitated the 
exchange of instructional methods. During the period of 
the eighth through the thirteenth week of the study Control 
Group A was taught by the deductive laboratory method and 
the Experimental Group B was taught by the inductive 
demonstration laboratory method. 
At the end of the second experimental period, the 
thirteenth week marked the close of the entire experimental 
period of the study. The data on the General Biology 
Achievement Test, Form C of the fifty pupils in the rotated 
Control Group A, denoted by Experimental Group A, and the 
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rotated Experimental Group B, denoted by Control Group B, 
of fifty students are presented in Table 7, Figure ij., and 
discussed in the paragraphs which follow. 
TABLE 7 
FREQUENCY DISTRIBUTION OF RAW SCORES AND STATISTICAL 
MEASURES OF CENTRAL TENDENCY AND VARIABILITY ON 
THE GENERAL BIOLOGY ACHIEVEMENT TEST, FORM C 
OF THE TWO GROUPS OF PUPILS 
Scores 
Experimental Group A Control Group B 
Number Per Cent Number Per Cent 
38-IJ.O 2 ii-.OO 0 0.00 
35-37 0 0.00 1 2.00 
32-31*. 0 0.00 1 2.00 
29-31 2 1*..00 2 i*..00 
26-28 2 ii-.oo 1 2.00 
23-25 5 10.00 2 4» 00 
20-22 h 8.00 7 lk. 00 
17-19 6 12.00 9 18.00 
li-16 13 26.00 9 18.00 
11-13 10 20.00 9 18.00 
8-10 k 8.00 5 10.00 
5-7 2 1*..00 k 8.00 
Total 50 100.00 5o 100.00 
Mean 16.1J.0 16.60 
Sigma 6.99 6.78 
SEm 1.00 .97 
Experimental Group A 
For the fifty pupils in Experimental Group A, the 
achievement scores ranged from a low of 7 to a high of 38» 
with a mean of l6.1j.O, a standard deviation of 6.99, and a 
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Fig. lj..—A frequency polygon of distribution of 
scores of the experimental group and the control group on 
the final test. 
 Rotated Experimental Group 
 Rotated Control Group 
standard error of the mean of 1.00. The data in Table 7 
further revealed that 21 or ij.2.00 per cent of the pupils 
scored above the mean, 16 or 32.00 per cent scored below 
the mean, and 13 or 26.00 per cent scored within the mean 
interval. 
Control Group B 
For the fifty pupils in Control Group B, the achieve¬ 
ment scores ranged from a low of 5 to a high of 36, with a 
mean of 16.60, a standard deviation of 6.78, and a standard 
error of the mean of .97» The data in Table 7 further 
. M 
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revealed that 14- or 28.00 per cent of the pupils scored 
above the mean, 27 or 54.00 per cent scored below the mean, 
and 9 or 18.00 per cent scored within the mean interval. 
The 111" Ratio for Comparative Data 
Table 8 and Figure k show that the comparative 
measures for the two groups were as follows: the means were 
16.40 and 16.60 for Experimental Group A and Control Group 
B, respectively, with a difference of .20 in favor of the 
TABLE 8 
SIGNIFICANT DIFFERENCES ON THE FINAL GENERAL 
BIOLOGY ACHIEVEMENT TEST, FORM C BETWEEN 
THE TWO GROUPS OF PUPILS 
Group Mean Sigma SEm SE m1-m2 
11 « 
Experimental 
Group A 16.40 6.99 1.00 
.20 3.71 .05 
Control Group B 16.60 6.78 .97 
Control Group B; the standard deviations were 6.99 and 6.78 
for Experimental Group A and Control Group B, respectively, 
with a difference of .21 in favor of the Experimental 
Group A; and the standard errors of the mean were 1.00 and 
.97 for Experimental Group A and Control Group B, respec¬ 
tively, with a difference of .03 in favor of the Experimental 
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Group A. The standard error of the difference between the 
two means was 3.71. 
The "t" ratio for these data was .05» which was not 
statistically significant, for it was less than 1.96 at 
the (.0^) per cent level of confidence with 98 degrees of 
freedom. Therefore, the non-significant "t" of .05 between 
the two groups indicated that there was not a significant 
aquisition of knowledge as a result of rotating the control 
and experimental groups. 
Comparative Data on the General Biology 
Achievement Tests, A, B, and C for 
Control Group A 
The comparative data on the General Biology Achieve¬ 
ment Tests, Forms A, B, and C for the fifty pupils in 
Control Group A are presented in Table 9 and discussed in 
the paragraphs which follow. Table 9 shows the significant 
differences on the initial and intermediate tests, the 
initial and final tests, and the intermediate and final 
tests. 
Initial and Intermediate Tests 
Table 9 shows that the comparative measures for the 
two tests of Control Group A were as follows: the means 
were 13.98 and l8.08 for the initial and the intermediate 
tests, respectively, with a difference of I+.IO in favor of 
the intermediate test; the standard deviations were lj.,18 
and 5«97 for the initial and intermediate tests, 
36 
respectively, with a difference of 1.79 in favor of the 
intermediate tests; and the standard errors of the mean 
were .59 and .85 for the initial and intermediate tests, 
respectively, with a difference of .26 in favor of the 
intermediate test. The standard error of the difference 
between the two means was 1.03. 
The "t" ratio for these data was 3.97 which was 
statistically significant, for it was more than 1.96 at 
the (.05) per cent level of confidence. Therefore, there 
was a significant gain in the acquisition of knowledge 
between the two testing periods. 
Initial and Final Tests 
Table 9 shows that the comparative me as vires for the 
two tests of Control Group A were as follows: the means 
were 13.98 and 16.60 for the initial and final tests, 
respectively, with a difference of 2.62 in favor of the 
final test; the standard deviations were I4..18 and 6.78 for 
the initial and final tests, respectively, with a differ¬ 
ence of 2.60 in favor of the final test; and the standard 
errors of the mean were .59 and .97 for the initial and 
final tests, respectively, with a difference of .38 in 
favor of the final test. The standard error of the 
difference between the two means was l.ll^. 
The "t" ratio for these data was 2.30 which was 
statistically significant, for it was more than 1.96 at 
the (.05) pen cent level of confidence. Therefore, there 
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was a significant gain in the acquisition of knowledge 
during the progression of the study. 
TABLE 9 
SIGNIFICANT DIFFERENCES ON THE GENERAL BIOLOGY 




AND C FOR 
Group A Mean Sigma SE m “I-m2 
SE "t" nil-m2 
Initial Test 13.98 4.18 .59 
4.IO 1.03 3.97 
Intermediate Test 18.08 5.97 .85 
Initial Test 13.98 4.18 .59 
2.62 1.14 2.30 
Final Test 16.60 6.78 .97 
Intermediate Test l8.08 5.97 .85 
1.48 1.29 1.15 
Final Test 16.60 6.78 .97 
Intermediate and Final Tests 
Table 9 shows that the comparative measures for the 
two tests of Control Group A were as follows: the means 
were l8.08 and 16.60 for the intermediate and final tests, 
respectively, with a difference of 1.48 in favor of the 
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intermediate test; the standard deviations were 5.97 and 
6.78 for the intermediate and final tests, respectively, 
with a difference of .81 in favor of the final test; and 
the standard errors of the mean were .85 and .97 for the 
intermediate and final tests, respectively, with a differ¬ 
ence of .12 in favor of the final test. The standard error 
of the difference between the two means was 1.29. 
The "t" ratio for these data was 1.15 which was not 
statistically significant, for it was less than 1.96 at 
the (.05) per cent level of confidence. Therefore, there 
was not a significant gain in the acquisition of knowledge 
between the second and third testing periods. 
Comparative Data on the General Biology 
Achievement Tests, Forms A, B, and C 
for Experimental Group B 
The comparative data on the General Biology Achieve¬ 
ment Tests, Forms A, B, and C for the fifty pupils in 
Experimental Group B are presented in Table 10 and discussed 
in the paragraphs which follow. Table 10 shows the signifi¬ 
cant differences on the initiai and intermediate tests, the 
initial and final tests, and the intermediate and final 
tests. 
Initial and Intermediate Tests 
The data in Table 10 show that the comparative 
measures for the two tests of Experimental Group B were as 
follows: the means were 15.50 and 15.78 for the initial 
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TABLE 10 
SIGNIFICANT DIFFERENCES ON THE GENERAL BIOLOGY 
ACHIEVEMENT TESTS, FORMS A, B, AND C FOR 
EXPERIMENTAL GROUP B 
Group B Mean Sigma SE m “l-M2 SE ra^-ïn2 
Initial Test 15.50 lf.98 .71 
.28 1.15 .25 
Intermediate Test 15.78 6.39 .91 
Initial Test 15.50 if.98 .71 
1.10 1.20 .92 
Final Test 16.60 6.78 .97 
Intermediate Test 15.78 6.39 .91 
.82 1.33 .62 
Final Test 16.60 6.78 .97 
and intermediate tests, respectively, with a difference of 
.28 in favor of the intermediate test; the standard devi¬ 
ations were If.98 and 6.39 for the initial and intermediate 
tests, respectively, with a difference of l.ifl in favor of 
the intermediate test; and the standard errors of the mean 
were .71 and .91 for the initial and the intermediate 
tests, respectively, with a difference of .21 in favor of 
the intermediate test. The standard error of the difference 
k-0 
between the two means was 1.15. 
The "t" ratio for these data was .25 which was not 
statistically significant, for it was less than 1.96 at the 
(.05) per cent level of confidence. Therefore, there was 
not a significant gain in acquisition of knowledge from the 
initial testing period to the intermediate testing period. 
Initial and Final Test3 
The data in Table 10 show that the comparative 
measures for the two tests of the Experimental Group B were 
as follows: the means were l5*50 and 16.60 for the initial 
and final tests, respectively, with a difference of 1.10 in 
favor of the final test; the standard deviations were I4..98 
and 6.78 for the initial and final tests, respectively, 
with a difference of 1.80 in favor of the final test; and 
the standard errors of the mean were .71 and .97 for the 
initial and final tests, respectively, with a difference of 
126 in favor of the final test. The standard error of the 
difference between the two means was 1.20. 
The "t" ratio for these data was .92 which was not 
statistically significant, for it was less than 1.96 at the 
(.05) pen cent level of confidence. Therefore, the "t" 
ratio indicated that there was not a significant gain in 
the acquisition of knowledge. 
Intermediate and Final Tests 
Table 10 shows that the comparative measures for the 
two tests of the Experimental Group B were as follows: the 
means were l£.78 and 16.60 for the intermediate and final 
tests, respectively, with a difference of .82 in favor of 
the final test; the standard deviations were 6.39 and 6.78 
for the intermediate and final tests, respectively, with a 
difference of .39 in favor of the final test; and the 
standard errors of the mean were .91 and .97 for the 
intermediate and the final tests, respectively, with a 
difference of .06 in favor of the final test. The standard 
error of the difference between the two means was 1.33» 
The "t" ratio for these data was .62 which was not 
statistically significant, for it was less than 1.96 at the 
(.05) per cent level of confidence. Therefore, there was 
not a significant gain in the acquisition of knowledge 
between the two testing periods. 
Summary of Results 
The null hypothesis that there is no difference in 
the relative effectiveness of the two methods of teaching 
biology was accepted since the experimental and control 
groups manisfested substantially the same degree of biology 
knowledge before and after rotation. It can be concluded 
that the deductive laboratory method was relatively just 
as effective as the inductive demonstration laboratory 
method. One factor that was noted during the study was 
that the inductive demonstration laboratory method appeared 
to offer a better means of developing the student's ability 
to use the scientific method which was defined in terms of 
the context of discovery. 
As a result of comparing the significant differences 
on the General Biology Achievement Tests, Forms A, B, and 
C for Control Group A and Experimental Group B, the "t" 
ratios indicated that there was a greater gain of knowledge 
by Group A than by Group B during the entire period of the 
study. The two Groups were equated on the basis of 
intelligence quotients obtained from the permanent record 
folders. 
CHAPTER III 
SUMMARY, CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 
Introductory Statement 
This chapter is organized to present a summary of all 
data collected in order to carry out this study. The major 
sections are: 
Recapitulation of Problem and Methodology 
Recapitulation of Research Design 
Summary of Related Literature 




In summarizing the data collected for this chapter, 
the writer found that too much emphasis can not be placed 
on improving laboratory methodology. In order to raise 
levels of achievement, laboratory methodology must be 
geared toward motivating the student to the point that he 
or she has a genuine interest in biology. An interest in 
biology and a positive change of attitude about science 
can only be brought about as a result of the manner in 
which the teacher presents her subject matter. 
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Recapitulation of Problem and Methodology 
Since the rise of modern theory, general biology has 
become a well-established course in the curriculum for 
general education. For this reason the biology course has 
to be modified as discoveries are made to provide needed 
experiences and opportunities for the learner. The most 
important factor that must be considered for motivating the 
pupil to strive toward his greatest intellectual capacity 
is the laboratory method of instructions. Since the trend 
today is toward experimentation and discovery, the labora¬ 
tory method should employ the scientific method of solving 
problems. In this way the student can experience the same 
joy of discovery which the scientist experienced in his 
research effort. 
Little research has been done to test the hypotheses 
underlying different modem laboratory methods. A great 
deal of research has been done on the traditional teacher- 
centered methods of instruction. For these reasons the 
writer became interested in conducting an investigation of 
more modem laboratory methods that would enhance critical 
thinking and problem solving resulting in the mastery of 
certain skills and the attainment of subject matter. The 
problem of this investigation was to determine the relative 
effectiveness of two methods of laboratory instructions on 
biology achievement. The two methods of laboratory 
instructions were the deductive laboratory method and the 
inductive demonstration method. The two laboratory methods 
were investigated to see how each of these relate to 
achievement according to intelligence. Effectiveness was 
measured in terms of achievement in application of principles 
of biology and laboratory techniques. 
Recapitulation of Research Design 
The experimental method of research was used in this 
study. Achievement was the dependent variable. Intelligence 
was the controlled variable, and the methods of laboratory 
instructions were the uncontrolled variables. The rotation 
group method was used to eliminate any differences that 
might have arisen. The deductive laboratory method was the 
experimental method, and the inductive demonstration method 
was the controlled method. There were one-hundred students 
involved in the study. The subjects were drawn by admin¬ 
istrative procedures. Fifty students were in Control 
Group A and fifty students were in Experimental Group B. 
All subjects used in the study were enrolled in the writer's 
tenth-grade general biology classes. Three biology 
achievement tests were constructed by selecting test items 
from a folio of standardized test items and were used to 
collect the necessary data for the study. 
During the investigation both groups were given an 
initial achievement test to compare background knowledge. 
For six weeks the Control Group A was taught by the 
inductive demonstration laboratory method, and the 
Experimental Group B was taught by the deductive laboratory 
method. Both groups were given an intermediate achievement 
test to compare the relative effectiveness of the two 
laboratory methods. Then there was a neutral period in 
order to eliminate contamination of the two methods of 
instruction. The neutral period lasted for one week. After 
the neutral period, the two groups were rotated. Control 
Group A was taught by the deductive laboratory method, and 
Experimental Group B was taught by the inductive demonstra¬ 
tion laboratory method for six weeks. Afterwards, the two 
groups were given a final achievement test to compare the 
relative effectiveness of the teaching methods. Data 
pertinent to the study were collected, analyzed, and inter¬ 
preted. 
Summary of Related Literature 
A summary of related literature that was done in 
connection with this study is as follows: 
1. In order for the general biology course to 
prosper, it must be changed to meet the needs of 
our times. Because science and technology are 
the most important social forces today, biology 
education has been redirected to provide needed 
experiences and opportunities for the learner. 
2. The classroom has become a laboratory, and the 
trend is toward experimentation and discovery. 
3» The emphasis is placed upon functional materials 
in the sense that functional materials mean data, 
under standings, and concepts which have relation¬ 
ship to pupil interests, needs, and concerns. 
The glorification of theory or principle becomes 
of lesser consequence, and the knowledge presently 
required for solution or conclusion becomes the 
stepping stone to a meaningful educational 
experience. 
Ij.. General biology education in the secondary school 
has changed more in the past decade than any 
other period of our natural history. Because 
contemporary research and discovery have caused 
such a change, laboratory methods of biology 
instruction must also be re-examined in order 
to meet modem needs of today1 s students. 
5>. Several studies were done in order to find newer 
and more effective methods of laboratory instruc¬ 
tions in order to motivate the student to achieve 
at his highest level of aspiration. In one study 
Lahti concluded that both the inductive and 
deductive methods of laboratory instruction in 
the physical science laboratory were equally as 
effective. In another similar one Coulter con¬ 
cluded in his study of the effectiveness of the 
inductive laboratory, inductive demonstration, 
and deductive laboratory in biology that he found 
no method of instruction to be more effective with 
any particular ability range group as opposed to 
another with respect to any outcome of instruc¬ 
tion. 
6. Several persons concluded that in order to obtain 
successful outcomes as a result of effective 
laboratory instructions in biology, the student 
must be given an opportunity to design and 
organize experiments in pursuing a problem 
related to the subject matter. The problem must 
interest the student. In this way the student 
will experience the feel of discovery which is 
characteristic of the biologist or scientist. 
Summary of Findings 
In order to give an overall view of the findings of 
this study, a recapitulation of the results of the testing 
made during the period of this study is presented in 
Table 11. Pertinent data basic to the analysis and 
interpretation of the findings are shown. The findings 
cover the entire period of the experiment. Findings derived 
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from careful analysis and interpretation of the experimental 
data are as follows: 
1. The intelligence quotients were collected from 
the permanent record folders of the subjects in 
both groups. The control group was compared 
with the experimental group for intelligence. 
The mean difference of the groups was 1.06 in 
favor of the Experimental Group B. The MtM 
ratio was .65 which was less than 1.96 at the 
(.05) per cent level of confidence indicating 
that the intelligence quotients were statistically 
insignificant. The Control Group A and Experi¬ 
mental Group B were equated on the basis of the 
intelligence quotients. 
2. As a result of the administration of the General 
Biology Achievement Tests, Forms A, B, and C to 
the control group and experimental group, the 
"t" ratio for the initial test was .23 which was 
statistically insignificant because it was less 
than 1.96 at the (.05) per cent level of 
confidence; the "t” ratio for the intermediate 
test was .26 which was statistically insignifi¬ 
cant because it was less than 1.96 at the (.05) 
per cent level of confidence; and the "t" ratio 
for the final test was .05 which was also 
statistically insignificant because it was less 
than, 1.96 at the (.05) per cent level of 
confidence. Therefore, it can be conclude that 
the deductive laboratory method was just as 
effective as the inductive demonstration labora¬ 
tory method. The null hypothesis was accepted. 
In order to give an overall view of the findings of 
of the significant differences of the tests, a recapitu¬ 
lation of the results is presented in Table 12. Findings 
derived from careful analysis and interpretation of 
pertinent data are as follows : 
1. Comparing the initial and intermediate tests the 
"t" ratio for Control Group A was 3.97 which was 
statistically significant because it was more 
than I.96 at the (.05) per cent level of 
confidence. For the same tests the "t" ratio 
for Experimental Group B was .25 which was 
statistically insignificant because it was less 
from careful analysis and interpretation of the experimental 
data are as follows: 
1. The intelligence quotients were collected from 
the permanent record folders of the subjects in 
both groups. The control group was compared 
with the experimental group for intelligence. 
The mean difference of the groups was 1.06 in 
favor of the Experimental Group B. The "t" 
ratio was .65 which was less than 1.96 at the 
(.05) per cent level of confidence indicating 
that the intelligence quotients were statistically 
insignificant. The Control Group A and Experi¬ 
mental Group B were equated on the basis of the 
intelligence quotients. 
2. As a result of the administration of the General 
Biology Achievement Tests, Forms A, B, and C to 
the control group and experimental group, the 
"t" ratio for the initial test was 1.65 which was 
statistically insignificant because it was less 
than 1.96 at the (.05) per cent level of 
confidence; the "t" ratio for the intermediate 
test was 1.85 which was statistically insignifi¬ 
cant because it was less than 1.96 at the (.05) 
per cent level of confidence; and the "t" ratio 
for the final test was .li|. which was also 
statistically insignificant because it was less 
than, 1.96 at the (.05) per cent level of 
confidence. Therefore, it can be concluded that 
the deductive laboratory method was just as 
effective as the inductive demonstration labora¬ 
tory method. The null hypothesis was accepted. 
In order to give an overall view of the findings of 
the significant differences of the tests, a recapitulation 
of the results is presented in Table 12. Findings derived 
from careful analysis and interpretation of pertinent data 
are as follows: 
1. Comparing the initial and intermediate tests the 
"t" ratio for Control Group A was 3*97 which was 
statistically significant because it was more 
than 1.96 at the (.05) per cent level of 
confidence. For the same tests the "t" ratio 
for Experimental Group B was .25 which was 
statistically insignificant because it was less 
TABLE 11 
RECAPITULATION OP INTELLIGENCE QUOTIENTS AND TEST FINDINGS 
Control Group A Experimental Group B 
Mean Sigma SË m Mean 
Sigma âË m VM2 ~SE " 
fTTTr~ 
Intelligence Quotients 76.20 9.66 1.38 77.26 6.18 .88 1.06 1.64 .65 
General Biology Achieve¬ 
ment Tests 
Initial Test, 
Form A 13.98 4»l8 .59 15.50 4.98 .71 1.52 .92 1.65 
Intermediate Test, 
1.85 Form B l8.08 5.97 .85 15.78 6.39 .91 2.30 1.24 
Final Test, 





 • 1.39 
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than 1.96 at the (.05) per cent level of confi¬ 
dence. Therefore, the "t" ratios indicated that 
there was a greater gain of knowledge by the 
Control Group A than by the Experimental Group B 
between the first and second testing periods. 
2. Comparing the initial and final tests the "t" 
ratio for Control Group A was 2.30 which was 
statistically significant because it was more 
than 1.96 at the (.05) per cent level of 
confidence. For the same tests the "t" ratio 
for the Experimental Group B was .92 which was 
statistically insignificant because it was less 
1.96 at the (.05) per cent level of confidence. 
Therefore, there was a greater gain of knowledge 
by Control Group A than by Experimental Group B 
between the first and last testing periods. The 
gain in knowledge decreased for the two groups 
as the study progressed. 
3. Comparing the intermediate and final test the 
"t" ratio for Control Group A was .82 and the 
"t" ratio for Experimental Group B was .62 which 
were both statistically insignificant because 
both were less than 1.96 at the (.05) per cent 
level of confidence. Therefore, there was not 
a significant gain in knowledge by the two 
groups between the second and last testing 
periods. 
Conclusions 
Upon gathering, analyzing, and interpreting the data 
the following conclusions were warranted: 
1 
1. The null hypothesis was accepted stating that 
there was no significant difference in the 
relative effectiveness of the two laboratory 
methods of instructions. 
2. The null hypothysis was accepted stating that 
there was no significant difference in the 
intelligence quotients of the two groups. The 
two groups were equated on this basis. 
TABLE 12 
RECAPITULATION OP SIGNIFICANT DIFFERENCES ON THE GENERAL 
BIOLOGY ACHIEVEMENT TESTS, FORMS A, B, AND C FOR 
CONTROL GROUP A AND EXPERIMENTAL GROUP B 
General Biology Control Group A Experimental Group B 
Achievement Tests, 
Forms A, B, and C M1-M2 SE 
- ml'm2 
»t" VM2 SE mrm2 "t" 
Initial and 
Intermediate Tests 4.10 1.03 3.97 .28 1.15 .25 
Initial and 
Final Tests 2.62 1.14 2.30 1.10 1.20 .92 
Intermediate and 
Final Tests 1.48 1.29 1.15 .82 1.33 .62 
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Implications 
After careful analysis of the findings and conclusions 
the following implications were warranted: 
1. The subjects of this experiment showed a very 
low degree of biology knowledge measured with 
the general biology achievement tests. 
2. There should be more research programs set up in 
order to ascertain higher degrees of biology 
knowledge of secondary students. 
3. Science teachers should use many methods of 
laboratory instructions in order to find the best 
method for more proficient teaching. 
I}.. Efforts should be made to devise science courses 
that will meet the needs of high as well as low 
intellectual abilities. 
5. Efforts should be made to devise science courses 
that will meet the needs of students who are 
science career aspirants as well as those who are 
not. 
Recommendations 
After careful analysis of the findings, conclusions, 
and implications the following recommendations appeared to 
be warranted: 
1. A similar study should be performed using longer 
experimental periods so that more variables could 
be included in order to find greater effectiveness 
in teaching methods. 
2. New teaching methods should be used in order to 
determine effectiveness in particular situations 
such as heterogeneous grouping and homogeneous 
grouping of levels of intelligence. 
3. Students should be guided into biology programs 
that will serve them if secondary school is their 
terminal education. 
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I4.. Students should be guided into special biology 
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1. The characteristic of protoplasm to construct new 
protoplasm from single materials, to oxidize food 
materials and to break down living matter is referred 
to by the general term 
A. anabolism B. osmosis C. catabolism 
D. metabolism E. symbiosis. 
2. The most important function of perspiration is to 
A. get rid of body poisons 
B. Regulate the body water supply 
C. regulate the body temperature 
D. keep the pores clear of dirt 
E. lubricate the epithelial cells 
3. In plant cell, a pigment important in the manufacture 
of carbohydrates from carbon dioxide and water is 
contained in the 
A. Nucleus B cytoplasm C. centrosome D. vacuole 
E. chloroplast 
4. True-False 4-8 
4. Chlorophyll as the oxygen-carrying pigment of red 
blood cells. 
The most useful function of chlorophyll may be that of 
a pigment. 
6. The bulk of matter is green leaves on a growing plant 
consists of nitrogen. 
7. Respiration contribute carbon dioxide to the atmosphere. 
8. The special functions of the green cells of a plant if 
the secretion of auxins. 
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The portion of the protoplasm in which most of the 
energy-releasing chemical changes occur in a cell is 
the 
A. nucleus D. 




If you were looking at some cells through a microscope 






E. no cell wall 





D. reaction to stimuli 
E. support and movement 
It is believed that contractile vacuoles serve mainly 
to 
A. discharge nitrogenous waste 
B. digest food 
C. transport non-digestible materials in an anal pore 
D. regulate water content 
E. aid respiration, mainly by discharge OP CO2 
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19. Hemoglobin is most closely associated with 
A. blood clotting D. food transport 
B. hormone formation E. lymph transport 
C. oxygen transport 
20. Scurvey may be a result of deficiency in vitamin 
A. a B. b C. c D. d E. e 









Cellulose is found in the cell walls of 
A. all plants c. all animals 
B. higher plants D. plants and animals 
23. Which of these is the first to break the proper 
sequence? 
A. kidney D. ureter 
B. uretha E. none of these 
C. bladder 
2I4.. Which of the following represents the smallest groups 
of substances that includes both the material from 
which the plant cell wall is made and simple sugar? 
A. organic substance D. double sugar 
B. cellulose E. carbohydrates 
C. starch 
25. The many small branches of a nerve cell are called 
A. ganglia D. synapses 
B. dendrites E. neurons 
C. flagella 
26. Urea is mainly excreted from the body by 




27. Which of the following forms the boundary for an 
animal cell? 
A. nucleus C. mitochondria 
B. centriole D. plasma membrane 
28. A nervous system composed of cranial and spinal nerves: 
A. peripheral D. branchial 
B. autonomic E. gray matter 
G. central 
29. The elimination of metobolic wastes from the body is 
called 
A. egestion C. assimilation 
B. oxidation D. excretion 
30. Oxygen is carried in the blood by the 
A. lymph D. phagocytes 
B. erythrocytes E. platelets 
C. fibrin 
31. Bile is secreted by the 
A. pancreas D. small intestine 
B. kidney E. liver 
C. uriniferous tubules 
32. Of the following the one which is found in the highest 
percentage in the protoplasm of typical cell under 
typical conditions is 
A. protein D. mineral matter 
B. carbohydrate E. fat 
C. water 
33» The chief factor in the production of black or humus 
soil is the action of 
A. running water 
B. differential erosion 
C. bacteria or organic 
3U-. Which one of the following would not be considered a 
metabolic waste product in plants? 
A. Anthocyanin D. Essential oils 
B. Renins E. Glucose 
C. Gums 
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35. The portion of the protoplasm which is cheifly 
responsible for coordinating and controlling the 
chemical and physical changes which result in the 
production of more protoplasm is the 
A. nucleus D. chloroplast 
B. plasma membrane E. cell wall 
C. cytoplasm 
36. Gases diffuse into and out of the blood 
A. in the arteries D. in the lymphatics 
B. in the veins E. in the capillaries 
C. in the heart 
37» (True or False) Cretinism is a disease characterized 
by mental and physical retardation caused by a thyroid 
deficiency, 
38. The cell theory was stated as an hypothesis by 
A. Schleiden and Schwann 




39. The elimination of undigested materials from the body 
is known as 
A. digestion D. reaction to stimuli 
B. excretion E. support and movement 
C. reproduction 
1+0• A group of nerve cell bodies and their connections: 
A, synapse D, dendrite 
B, plasmodesmata E, ganglion 
C, choroid 
Ul. The bulk of material comprising blood plasma is 
probably 
A. hemoglobin D. water 
B. fibrinogen E, the hormone complement 







A structural component of cells which can he demon¬ 
strated, hut not seen with, the ordinary microscope, 
is the 
A. nucleus D. 
B. chromosome E. 
C. plasma membrane 
chloroplast 
nucleulus 
43. The plant cell is chemically composed chiefly of 
A. carbohydrates D. proteins 
B. steriods E. a complex of lipid^ and 
C. fats and other lipids proteins 
44* The capillaries 
A. Only carry blood free of all carbon dioxide, 
B. Only carry blood free of all oxygen, 
C. Connect arteries and veins, 
D. are tiny arteries, 
E. are tiny veins. 
The characteristic of the protoplasm to construct new 
protoplasm from simple materials and to break down 






Which of the following hormones enables the body to 





E. the elin 
Four of the following are generally common to both 
plants and animals cells. Which one is not? 
A. cell wall D. 




An invariable response toward or away from a stimulus: 
A. habit B. tropism C. reflex D. instinct 
E. synapse 
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k9. A dendrite is a part of 
A. a bone cell D. A connective tissue cell 
B. a nerve cell E. an epithelia cell 
C. striated muscle cell 
5>0. A mass of protoplasm that is a unit of structure, 
function and development is called 
A, an organ D. a virus 
B. a tissue E. a cell 
G. a plastid 
FORM B 
Digestion, Nutrition, and Metabolism 
1. Metabolism is 
A. energy releasing activity in a cell, 
B. reproduction of a cell, 
C. growth of a cell. 
D. exchange of materials in a cell. 
E. the total of all chemical and physical changes 
occurring in protoplasm. 
2. The passage of food from the stomach to the small 
intestine is regulated by 
A. the rate at which food enters the stomach. 
B. the degree of acidity of the duodenal contents. 
C. the opening and closing of the pyloric valve. 
D. the volume of food in the stomach. 
E. the homone gastrin. 
3. Gastric juice contains 
A. a starch-splitting enzyme and secretin. 
B. a protein-splitting enzyme and hydrochloric acid. 
C. a fat-splitting enzyme. 
D. all of the above substances. 
E. none of the above substances. 
4-, The end product of sugar metabolism is 
A. an amino acid C. glucose sugar. 
B. urea. D. carbon dioxide and water. 
E. glycerol. 
5. The products of fat digestion are absorbed by the 
A. capillaries in the villi. 
B. lacteals in the villi. 
C. capillaries in the walls of the stomach. 
D. gall bladder. 
E. finger-like appendage protruding from the caecum. 
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Items 6-l£ Place of action 
A. large intestine. C. 




Where do the following enzymes act? 
6. Amylopsin. 9. Glycogenase. 13. Ptyalin. 




 Lactase. 1*1-. Rennin. 
8. Erepsin. 11. Lipase. 15. Sucrase. 
12. Pepsin 
16. Lack of iodine is often related to which of the 
following diseases? 
A. Beriberi G. Rickets 
B. Scurvy D. Thyroid disease 
17. The water content of a normal man is approximately 
A. log B. 25% C. 60 to 65% D. 95% 
18. Raw ("uncooked) starches are digested to simple sugars 
in the 
A. mouth C. small intestine 
B. stomach D. large intestine 
E. pancreas 
19. The largest gland in man's body is the 
T 
A. thyroid C. liver 
B. pituitary D. pancreas 
E. kidney 
20. An end product of fat digestion is 
A. glycogen C. glucose 
B. galactose D, glycerol 
E. fructose 
21. The characteristic of protoplasm to construct new 
protoplasm from simple materials, and to break down 
living matter is referred to by the general term 
A. anabolism B. osmosis C. catabolism 
D. metabolism E. symbiosis 
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22. Digestion serves to 
2k. 
26. 
A. convert small food particles into larger food 
particles. 
B. convert simpler foods into more complex foods. 
C. convert larger non-diffusible molecules into 
smaller diffusible ones. 
23. Insulin is present in the 
A. pancreatic juice 
B. pancreas 
C. thyroid 
D. adrenal glands 
Chemical agents produced by living things and having 
the capacity to speed up or slow down chemical re¬ 
actions in the 
A. organic acids 
B. inorganic catalysis 
E. precipitins 













Scurvy may be a result of deficiency in Vitamin 
A. A. B. B. C. C. D. D. E. E. 
For items 27-31 on questions about vitamins, an answer must 






C.D. D. E. E. K. 
Which vitamin is directly related to the process of 
blood clotting? 
Which is directly related to the process of reprocuc- 
tion in certain animals? 
29. Which is readily manufactured by the human body? 
30. Which of the remaining is fat soluble? 
31. Which of the remaining is water soluble? 
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32. Pood is moved along through the intestine by a wave¬ 
like motion known as 
A. oscillation C. permutation 
B. fluctuation D. permeation 
E. peristalsis 
33. Which of the following is the richest source of 
vitamin D? 
A. Citrus fruits 
B. Green leafy vegetables (such as lettuce) 
C. fish oils 
D. Root vegetables (carrots, turnips, etc.) 
E. Lean beef 
3k» Which vitamin should children eat in order to prevent 
rickets? 
A. Vitamin A C. Vitamin C 
B. Vitamin B D. Vitamin D 
E. Vitamin E 
35» Riboflavin is 
A. a kind of protein C. a hormone 
B. a vitamin D. a kind of fat 
E. an enzyme 
36. The best description of the function of the bile is 
that bile 
A. aids in the break-up (emulsification) of fat 
particles into smaller globules to facilitate 
enzymatic action. 
B. is an enzyme which digests fats in the small 
intestine. 
C. is an enzume which completes the digestion of 
those proteins which were only partially digested 
in the stomach. 
37. The pancreas will release its digestive fluid into 
the pancreatic duct leading to the small intestine 
when stimulated by 
A. nerve impulses from the autonomic nervous system. 
B. hydrochloric acid from the digestive juice in the 
stomach. 
C. secretin in the bloodstream. 
D. the sensation of bulk and pressure of food 
entering the intestine. 
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E. nerve impulses from the brain. 
38. The gall bladder stores and discharges a product 
which 
A. regulates the metabolism of sugar in the body. 
B. is a metabolic waste product called urine. 
C. digests protein foods. 
D. facilitates digestion of protein foods. 
E. breaks fat globules into smaller particles. 
39. The chief function of roughage is 
A. to stimulate peristalsis. 
B. to provide a reserve supply of concentrated food 
for emergency use by the body. 
C. to build muscle tissue. 
D. to provide certain vitamins which tend to be 
deficient in the diet. 
E. to provide a quick source of energy. 
ko. Bedises food alsorption, another function of the villi 
is 
A. to mix the food in the intestine. 
B. to manufacture enzymes. 
C. to absorb nitrogenous waste products and toxins. 
D. to inactivate bacteria which tend to multiply in 
the intestine. 
E. to discharges adrenalin in emergency situations. 
I4.I. Acid in the duodenal portion of the small intestine 
stimulates the intestinal wall to liberate a 
substance which 
A. stimulate the production of an acid secretion by 
the intestine. 
B. stimulates the production of a pancreatic secretion. 
G. stimulates the production of a salivary secretion. 
D. increases intestinal motility. 
E. increases the permeability of the intestinal cells. 
U-2. The rate of metabolism is decreased by 
A. exposure to cold. C. 
B. physical exercise. D. 
ingestion of food 
rest in bed. 
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4-3. Most of the absorption of water occurs in the 
AA. liver C. small intestine 
B. stomach D. large intestine. 
44. Which of the following parts is longest in the frog? 
A. Esophagus C. Small intestine 
B. Stomach D. Large intestine 
45» Which of the following organs is not associated with 
the physical changes which food undergoes during 
digestion? 
A. Esophagus C. A canine tooth 
B. Hard palate D. Duodenum 
46. The function of bile in the digestive process is 
A. similar to that of enzymes. 
B. similar to the action of soap in an oil-water 
mixture. 
C. purely chemical and requires no catalyst or 
enzyme. 
47. One reason food when swallowed normally does not enter 
the trachea is that 
A. in the traches, the peristaltic waves travel 
upward. 
B. the air and food passages are separate in the 
mammal. 
C. the vocal cords in the glottis close off the 
opening. 
D. the esophagus has elastic walls. 
E. the Adam*s apple bobs upward. 
48. Glycogen is mainly stored in 
A. liver and muscle. C. fat tissue 
B. cartilage and bone. D. villi. 
49. Which one of the following enzymes is always present 
in the mouth? 
A. lactase. G. maltase. 
B. amylopsin. D. none of these. 
. The following enzyme digests carboyhdrates. 
A. amylopsin. C. lipase. 
B. trypsin. D. pepsin. 
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FORM C 
Respiration and Circulation 
1. Which of the following is a source of carbon dioxide 
which is exhaled from the body? 
A. Debris resulting from physical wear and tear of 
cells. 
B. Oxidation of simple sugars. 
C. Synthesis of protein from amino acids. 
D. Synthesis of complex carbohydrates from simple 
sugars. 
2. Which of the following is said to be a carrier of 
respiratory enzymes? 
A. Golgo Apparatus C. Centriole 
B. Mitochondria D. Plasmosome 
The following key i3 for use with items 3-6. 
key 
A. Photosynthesis C. Cellular respiration 
B. Both D. Neither 
3. Water is involved. 
l\.. Takes place best when the temperature is 100°C. 
5. Energy is released. 
6. The major source of oxygen used by living organisms on 
the earth. 
7. Occur(s) in all living organisms. 
8. Energy is stored. 
9. What is the origin of lymph? 
A. It is derived from the blood. 
B. It is made by the lymphatic glands. 
C. It secreted by the pancreas. 
D. It is produced in the body by the squeezing action 
of the muscular tissues. 
E. It is manufactured in, and secreted by, the spleen. 
10. n mammalian respiration, air enters the lungs as a result 
of 
A. a series of rhythmic tracheal contractions. 
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B. oxygen debt acemulation. 
C. a partial vacuum created by the action of the 
diaphragm. 
D. increased thoracic pressure by lengthening of the 
intercostal muscles. 
E. diffusion through a moist membrane. 
11. Which of the following does not pass freely through the 
placenta between the mother and the fetus? 
A. Oxygen D. Red corpuscles 
B. Antibodies E. Metabolic waster products 
C. Glucose 
12. A molecule of oxygen in going from an air sac to a 
capillary must pass through which of the following? 
A. Blood C. Lymph 
B. Vein D. None of these 
13. Hemophilia is an abnormal condition 
A. caused by lack of vitamin A. 
B. characterized by dizziness brought about through 
the inability of the blood to carry sufficient 
oxygen to the brain. 
G. caused by lack of vitamin G. 
D. characterized by profuse bleeding from slight 
wounds. 
E. caused by the bite of the anopheles mosquito. 
llj.. A quart thermos bottle was opened long enough to allow 
a thermometer within it to indicate room temperature. 
Fifty flies that that had been in the same room for 
several hours were then placed in the bottle and the 
bottle closed with a thick plug of heat-insulating 
glass wool. Assuming no change in room temperature 
after 30 minutes one would expect the thermometer to 
read 
A. the same as before. 
B. a little lower than before. 
C. a little higher than before. 
Items 15-19. In answering these questions refer to the 
following key list. 
A. external respiration C. tissues of the body 
B. diaphragm relaxed D. breathing 
E. diaphragm contracted 
15. What is the exchange of gasses called between the air 
and blood in the lungs? 
16. What are the movements called which are associated with 
getting air in and out of the lungs? 
• Where does the carbon dioxide of the blood come from? 17 
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18. When the lungs are full of air, in what condition is 
the diaphragm found? 
19. During which condition is the diaphragm dome-shaped? 
20. Asphyxiation from prolonged breathing of air con¬ 
taining carbon monoxide is due to which of the 
following? 
A. Carbon dioxide released by the blood is rendered 
difficult. 
B. The muscles of the heart become paralyzed. 
C. The blood tends to congeal in the capillaries. 
D. Oxygen is prevented from uniting with the 
hemoglobin. 
E. Spasms of the diaphragm occur, increasing in 
violence with prolonged exposure. 
21. Internal respiration includes 
A. exhalation C. Abscription of oxygen into cells 
B. inhalation D. none of these 
Items 22-35. Use the following key with items. 
key 
A. if the item refers to photosynthesis 
B. if the item refers to respiration 
C. if the item refers to neither photosynthesis 
nor respiration. 
D. if the item refers to both photosygthesis and 
respiration. 
22. Occurs in both plants and animals. 
23. Energy is released. 
2^. The ultimate source of energy is the sun. 
25. Energy is stored. 
26. Occurs only in animals. 
27. Requires the presence of an enzyme. 
28. Oxygen is released. 
29. Carbon dioxide is one of the products. 
30. May be represented by a chemical equation. 
31. Must precede the synthesis of fats and proteins. 
32. The immediate source of energy is the oxidation of 
simple sugars. 
33. Occurs in all living cells. 
34-. The immediate source of energy is sunlight. 
35. Cannot take place in man unless oxygen is transported 
by red blood cells. 
36. Blood plasma which has had the fibrinogen removed is 
known as 
A. blood concentrate. 
B. serum. 
C. the hormone complement. 
D. the antibody component. 
E. the cellular complement. 
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37» Which of the following best describes whole blood? 
A. It consists of serum and red corpuscles. 
B. It consists of plasma and platelets. 
C. It consists of serum and platelets. 
D. It consists of fibrin and corpuscles. 
E. It consists of plasma and corpuscles. 
38. A blood clot is formed primarily from fibrin and 
A. thrombin C. plasma 
B. calcium D. red corpuscles 
E. fibrinogen 
39. The elasticity of the arterial walls of an old 
individual is 
A. greater than C. same as the elasticity of the 
B. less than arterial walls of a young 
individual. 
Items I1-O—I4J4.. Use the following Key. 
A. if the statement applies to Experiment A. 
B. if the statement applies to Experiment B. 
G. if the statement applies to neither Experiment A 
nor Experiment B. 
4.0. The rate and depth of breathing increases more rapidly 
in this experiment than in the other experiment. 
41. Sweating increases more rapidly in this experiment 
than in the other experiment. 
42. The 02 concentration of the air in the chamber increases 
€L]pPôCxQ.l3ly « 
43. The moisture content and temperature of the air in the 
chamber increases more rapidly in this experiment than 
in the other experiment. 
44» The COp concentration of the air in the chamber increases 
appeciably. 
45* Which one of the following blood transfusions must 
never be made under any circumstances? 
A. A donor to AB recipient, 
B. A donor to B recipient. 
C. 0 donor to A recipient. 
D. B donor to AB recipient. 
E. 0 donor to AB recipient. 
46, Of the following blood transfusions, which is the only 
one that could safely be made? 
A. A donor to B recipient. 
B, AB donor to A recipient. 
G. B donor to 0 recipient. 
D. AB donor to B recipient. 
7S 
I4.7. In man the volume of blood pumped by the right ventricle 
is 
A. greater than 
B. less than 
C. same as the volume of blood pumped by the left 
auricle. 
JLj.8* White blood cells differ from red corpuscles in four 
of the following respects. In which respect are they 
alike? 
A. They are self-propelling. 
B. They lack hemoglobin. 
G. The circulate in the plasma. 
D. They have definite organized nuclei. 
E. Their primary function is to combat infection. 
2+9- Which of the following structures is (are) found in 
veins but not in arteries? 
A. Muscles 
B. Valves 
C. Connective tissue 
D. Endothelial cells 
E. Interior cavity 
. In a mammal the air and food are transported through 
a common passage in the 
A. pharynx 
B. larynx 
C. esophagus 
D. trachea 
E. epiglottis 
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